The study of complex social and political phenomena with the perspective and methods of network science has proven fruitful in a variety of areas (1-5), including applications in political science (6-8) and more narrowly the field of international relations (9-11). We propose a new line of research in the study of international conflict by showing that the multiplex fractionalization of the international system (which we label Kantian fractionalization) is a powerful predictor of the propensity for violent interstate conflict, a key indicator of the system's stability. In so doing, we also demonstrate the first use of multislice modularity (12) for community detection in a multiplex network application.
consistent with a causal relationship with the prevalence of conflict in the international system. This causal relationship has real-world policy implications as changes in Kantian fractionalization could serve as an early warning sign of international instability.
One Sentence Summary: Network fractionalization powerfully predicts the stability of the international system, casting doubt on the most prominent finding in the study of conflict.
Immanuel Kant proposed a recipe for international peace in 1795 (13) that has proven remarkably insightful: diffusion of democracy, economic interdependence, and establishment of international institutions. Past studies in international relations have explored the impacts of the components of the Kantian tripod individually (9, 14, 15) as well as collectively (16, 17) on the prospects of peace. These studies, however, include democracy, interdependence, and intergovernmental organizations (IGOs) as three independent variables in regressions in which the outcome is a measure of dyadic war. This approach is limited insofar as each component is inherently relational and thus has implications for the entire international system, not just pairs of states. Joint democracy describes a similarity between two states that connects them politically. IGOs link member countries together through common norms, principles, and procedures. Trade interconnects the economic growth and stability of states. Some scholars have considered the effects of system level measures of the Kantian tripod (18, 19) but the outcome of interest is still dyadic. A few studies do consider conflict at the system level (20, 21) , but these studies look at the effect of democracy alone, ignoring the other components of the Kantian tripod.
We believe that to evaluate the effect of Kant's prescription for peace on international conflict, the three components of the Kantian tripod must be considered collectively. Moreover, as dyadic relations are influenced by, and influence, the other relationships in the system, Kant's prescription for peace should not merely be applied to dyadic conflict; it should have implications for conflict at the system level. In short, we improve upon past international relations studies in two ways: quantifying the nature of interconnectedness of the international system by combining the pieces of the Kantian tripod together at the system level in our Kantian fractionalization measure and considering the effect of Kantian fractionalization on systemic measures of conflict.
The fundamental idea behind the Kantian peace is that the more interconnected the international system becomes, the less likely conflict is to occur. As democracy spreads, states become more economically interdependent, and IGOs grow in scope and power, war becomes more costly and alternatives to war become both more abundant and more appealing. Democracy checks executive power and promotes norms of compromise and negotiation. Trade increases the stakes of the conflict and provides incentives to resolve disputes without damaging mutually beneficial relationships. IGOs present forums and procedures for peaceful conflict resolution.
Likewise, when these factors become less prevalent and the connectivity among states weakens, credible alternatives to war become harder to find and thus the potential for violent conflict increases.
The level and organization of interconnectivity in the international system is indicative of the level of stress being exerted on relationships between states. Connections that encompass more states with lower levels of fractionalization induce less stress on the international system. When a dispute arises between states, both the dyadic and the system-level connections are relevant. Broad-based system-level political and economic connections through trade, IGOs, or democracy provide avenues for non-violent conflict resolution strategies. Additionally, these connections increase the incentives for states to identify peaceful solutions to their disputes, and thus the likelihood of war is decreased. States will still find themselves in disagreements with one another, but these disputes are less likely to escalate to war in a system with low fractionalization. When fractionalization in the international system is high, however, greater tension is exerted on the international system. Conflicts that arise in very tense systems are more likely to escalate to the use of military force as the collective system-level pacifying effects of democracy, trade, and IGOs are too weak to mitigate this tension. We refer to the level of division in the international system as the system's Kantian fractionalization, and we expect higher levels of Kantian fractionalization will result in higher incidence of interstate conflicts. In order to measure the level of fractionalization of the international system, we utilize the tools of community detection in networks (22, 23) . A community in a network is a group of vertices that are more strongly connected to one another than they are to the rest of the network, building on classic ideas of graph partitioning from computer science and cohesive groups from social science. One of the dominant methods of community detection has been the computational optimization of modularity (24) . Modularity is a direct quantification of the notion that a good partition of the network's vertices into communities (wherein every vertex receives an assignment to one and only one of the identified communities) identifies groups of vertices that are more tightly connected to each other than to the rest of the network. Specifically, modularity is calculated as the total weight of intra-group edges minus the expected number under an appropriate null model. Larger modularity values, therefore, signal denser, stronger connections between vertices in the same community relative to the network as a whole, with relatively sparser, weaker connections between communities.
We quantify the concept of the Kantian tripod as a network between states (vertices) with edges describing the weights of ties between states in (directed) trade, joint IGO memberships, and joint democracy status. We then measure the fractionalization by multislice modularity (12) .
Because of the multiple kinds of between-state ties in the Kantian tripod (a multiplex network), we use multislice modularity in its multiplex network form, treating each of the three kinds of connections-trade, common IGO membership, and joint democracy-as a slice of the mul-tiplex network, considering each year of data separately. In this formulation of the multiplex Kantian network, each state is represented as three (multislice) vertices that are connected to one another by identity arcs of weight specified by the interslice coupling parameter, ω. The community detection is then performed by a computational heuristic (25) that partitions the (multislice) vertices into communities to maximize the obtainable value of multislice modularity, Q K .
Previous applications of multislice modularity have successfully contributed to the study of longitudinal network data, including correlations in legislative voting patterns (8), brain activity (5), and behavioral similarity over time (26) . To our knowledge, this is the first use in practical application of multislice modularity in a multiplex network [that is, separate from the limited in-principle demonstration that accompanied the original development of multislice modularity (12) ]. As such, we take particular care to scale the weights of the three slices (or 'layers') accordingly and investigate the effects of our parameter choices to test the robustness of our results (see Supporting Online Material [SOM] for details). While in principle the same multislice modularity methodology can be applied to data that is both multiplex and longitudinal, such consideration would introduce additional parameters and complexity beyond the scope of the current contribution; moreover, as we show below, community detection on single-year multiplex data provides us with a suitable measure of fractionalization at each time point.
As a direct extension of modularity, multislice modularity inherits the established positive attributes of modularity, including intuitions developed through its broad use and a wide array of available computational heuristics for its optimization. Of course, multislice modularity also shares the well-known drawbacks of the original modularity formulation, including its resolution limit (27) and the presence of many near-optimal partitions (28) . The sizes of identified communities is influenced by a spatial resolution parameter γ (29) . We consider multiple values of the spatial resolution parameter and identity coupling parameters to ensure our results are not sensitive to these specifications. The possible existence of many nearly-optimal partitions of the network into communities does not affect our results in the present work, as we do not consider the particular assignments of vertices into communities in our analysis (although we do include visualizations of the community assignments in the SOM). Indeed, in utilizing only the value of Kantian fractionalization, the possible presence of many nearly-optimal partitions of the network gives greater confidence in the computationally obtained Q K values. For extra confidence, we consider many realized outputs from the selected heuristic (25) and considered various parameter specifications (as described in the SOM).
To calculate Kantian fractionalization, we first quantified the connections in the multiplex international network in each year with respect to the three principal aspects of the Kantian peace (17): joint democracy, trade, and common IGO membership. The joint democracy layer is defined to be a clique (of unit edge weight) connecting all democracies (states with a Polity IV (30) score greater than 6, a standard threshold for democracy in international relations), leaving non-democracies isolated (except for their interslice identity connections to the other layers). The trade layer is a directed network with non-zero edge weights linearly related to the logarithm of trade value from one country to another. The IGO network layer is defined as an undirected weighted network with the edge weight connecting two states proportional to the number of common IGO memberships. We scaled the trade and IGO layers to have median present edge-weight equal to 1 so that the weight distributions of the three layers would be qualitatively similar, as detailed in the SOM. The Kantian fractionalization of the international system in a given year is then defined as the maximum obtained value of
where A ijl is the edge weight connecting states i and j in layer l, P ijl is the corresponding null model in layer l (Newman-Girvan (24) for IGO and joint democracy, for trade), γ is a spatial resolution parameter, ω is the specified interslice identity coupling, g il is the community assignment of vertex i in layer l, and Kronecker δ indicators equal 1 when their two arguments are identical (0 otherwise). For our principal Q K specification, we use the default values γ = ω = 1. In order to have confidence in the obtained Q K values, we run the selected computational heuristic (25) 100 times with pseudorandom vertex orders and select the maximum observed value. To further ensure the robustness of our results to the selected parameter values, we explore alternative choices in the SOM.
Having established our measure of system interconnectedness, we explore the relationship between these yearly Kantian fractionalization values and the quantity of violent conflict in the international system. We operationalize international conflict by examining the number of times in a calendar year violent military force is "explicitly directed towards the government, official representatives, official forces, property, or territory of another state" (32, p.163 ). This type of conflict is generally called a militarized interstate dispute, and we include disputes marked by violence ranging in intensity from small skirmishes to full scale war. Often, such disputes last several years, but because we are interested in system stability, we restrict our focus to the onset of new violent conflicts. Simply counting the onset of conflicts, however, fails to account for the fact that during our period of observation, 1949-2000, the number of states in the system increases from 72 to 191, providing more opportunities for dyadic interstate conflict (33) . As such, our outcome variable, conflict rate, is measured as the density of new violent conflicts in the available dyads in the international system-year. To assure robustness, we also consider a second measure of conflict rate that is the direct count of new violent conflicts in our count models with an explicit adjustment for the number of dyads.
In our statistical analyses, we lag the modularity measures one year to account for the fact that a causal relationship between Kantian fractionalization and conflict implies the temporal precedence of Kantian fractionalization. We also control for several other variables that are common in the international conflict literature to capture factors related to system stability (10, 34) . First, we include Moul's measure of system polarity. (35) This measure divides the number of major power alliance groups by the number of major powers, thus producing a ratio to capture the polarity of the international system. We also include lagged (one year) defensive alliance interdependence as measured by Maoz (10) . To account for the role that the distribution of material capabilities are traditionally thought to play in system stability, we include a fiveyear rolling average of movement in capability concentration using Ray and Singer's measure (36) . Finally, we include a one-year lagged outcome variable to account for the first-order autocorrelation observed in the outcome variables. See the SOM for details on the measurement of the controls and for the establishment of first-order autocorrelation.
The observed bivariate relationship between Kantian fractionalization and conflict rate is strong. Figure 1 shows Kantian fractionaliation, lagged by one year, plotted against conflict rate, a clear and apparently linear relationship exists between the two. As Kantian fractionalization increases, so does the rate of conflict. The graphical relationship is born out statistically (r = 0.690, p < 0.001). Given the clear bivariate relationship, and the trends of both variables with time, we must satisfy ourselves that the relationship holds in the presence of the aforementioned controls. Table 1 shows the results of linear regressions of conflict rate and Poisson regressions of the direct count of new conflicts per year, offset by the opportunities for conflict (the log of number of dyads in the system year) so that the model captures the rate of conflict (37) .
Furthermore, the count models include a dispersion parameter to adjust the standard errors for the over-dispersion present in the annual count of violent conflicts (37) . For both the linear and
Poisson regressions, we compare a simple specification with only our fractionalization measure and a lagged outcome variable to a model that includes all of the controls discussed above.
The results in Table 1 show that Kantian fractionalization consistently maintains a statistically significant and substantively large positive effect on the occurrence of conflict, regardless Table 1 : Linear models of violent conflict onset density and count models of violent conflict onset in the interstate system. Count models correct for over-dispersion and include the log of the number of dyads in the system year as an offset. Coefficients and standard errors displayed in bold are statistically significant at or below the p = 0.05 level.
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Fig. 2:
Out-of-sample (one year ahead) predictive performance. Both plots show the mean squared prediction error from a series of forecasts in which the values of both conflict density and conflict count, the left and right plots respectively, were forecast using only the data available up to, but not including, the year forecast.
sions (see SOM for details). Furthermore, we computed modularity using only trade and only IGO connections respectively (see the SOM) and found that those models did not fit as well as the full Kantian fractionalization models. Lastly, likelihood ratio tests reveal that restricting both the linear and count models with controls to exclude Kantian fractionalization is an invalid restriction (χ 2 = 8.928, p = 0.003 for the linear model; χ 2 = 44.495, p = 2.55 · 10 −11 for the count model).
We further consider the predictive power of our measure and model. We forecast the level of conflict expected in year t by estimating a model on the data ranging from the beginning of our time window until time t − 1 and fitting those coefficients to the data at time t. Figure   2 shows that adding our Kantian fractionalization measure to the model always improves the out-of-sample predictive fit. (38) . Note that Granger causality does not capture causality in the potential outcomes sense (39) , but shows consistency with the causal story in terms of temporal dynamics. As such, we conclude that Kantian fractionalization Granger causes conflict rate with up to seven year lags. The statistical significance of this effect drops off for lags longer than seven years.
We can also examine the relative contribution of the three network layers-trade, joint IGO membership, and joint democracy-to our Kantian fractionalization measure in order to judge which of the layers are most central to the measure. When setting the initial relative weights for our computation of the Kantian fractionalization, we decided on a principle of equal effects of the three layers on the dyads to scale the present edge weights in each layer so that the full temporal distribution of each type has unit median. However, equal median edge weights in each layer do not necessarily induce equal impact on multislice modularity, not only because of variation over time but also because the total number of edges varies and the clustering of edge weights may be qualitatively different from one layer to another. To quantify the contribution from each network layer, we compare Kantian fractionalization to multislice modularity values obtained by permuting country identities and calculate the mean increase in modularity from each layer. Figure 3 shows that the majority of the measure (as identified in this permutationsbased manner) is driven by trade and IGO connections, whereas joint democracy plays little role at all. (Indeed, as the SOM shows, our results do not change in a meaningful way if we drop joint democracy from the computation entirely.) This is a noteworthy result as the tendency for jointly democratic dyads not to engage in militarized conflict is arguably the most significant and heretofore robust empirical finding of the last several decades of scholarship on international politics. Our result suggests that the idea of a democratic peace, while generally thought credible at the dyadic level, does not scale up to become a meaningful predictor of system stability.
Taken together, our results suggest that (a) a relationship between Kantian fractionalization and conflict in the international system exists, (b) the correlation seems not to be spurious, (c) our Kantian fractionalization measure does more to improve the out-of-sample predictive fit of the model than any other measure existent in the literature, (d) the temporal dynamics of the relationship are consistent with a causal effect, and (e) the composition of our measure casts doubt on the system-level influence of a democratic peace in international relations. These results are robust across multiple operationalizations of Kantian fractionalization, multiple model specifications, and multiple statistical models. We note in particular that the three slices of the Kantian tripod employed here (IGO, joint democracy, trade) have been scaled so that the median present edge weights are the same in each (see the SOM for details). Nevertheless, the numbers, relative weights, and patterns of connections are such that the relative contributions to Kantian fractionalization are dominated by IGO and trade, with little contribution from joint democracy.
We have introduced both a new way of thinking about the systemic manifestations of dyadic phenomena and a new way of measuring the cohesion of the international system in terms of its Kantian fractionalization. These contributions further our understanding of the international system, providing new tools to consider the international system both theoretically and empirically. As a novel use of community detection in networks, Kantian fractionalization extends the multiplex network application of multislice modularity. Meanwhile, the resulting model for new violent interstate conflict, with Granger causality demonstrated forward up to seven years, may serve as an early-warning signal of international instability. We hope that subsequent im-provements to models utilizing Kantian fractionalization will further improve our understanding of both the dyad-level and system-level drivers of inter-state conflict. 
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Computation of Control Variables
We included three control variables established in the literature to our models of conflict rate.
Details on the computation of these variables are as follows.
Moul Polarity
What we call Moul's polarity measure in the text is a modification of an earlier measure developed by Wayman (40, 41) . The Wayman measure is a proportion: the number of un-allied great powers plus the great power blocks formed by defensive alliances over the total number of great powers. So, in a given year t, Wayman's measure is computed as follows:
Un-allied Great Powers t + Great Power Alliance Blocks t Total Number of Great Powers t .
Moul gives the example that in 1950, the international system had five great powers divided into two groups, so Wayman's measure for 1950 is 2/5 = 0.40 (35, p.742). Moul then alters Wayman's measure by dividing each year's polarity by its minimum potential value. This makes values more comparable year-to-year. This measure sets 1 as perfect bipolarization, and anything above 1 as increasingly multipolar. In our data, we have one year of perfect (value 1)
bipolarity, one year at 1.5, forty-one years at 2, and ten years at 3.
System Movement
This measure captures changes in the international system's capabilities distribution. The specific measure we use is a five year moving average of the system movement variable established by Singer, Bremer, and Stuckey (42) . Movement is calculated as follows:
where N is the number of states in the system in a given year t, s i is state i's share of the international system's capabilities, s m indicates the capability share of the state with the lowest share of capabilities, and the t and t − 1 superscripts indicate the time period in which the measure s is taken.
The share of a state's material capabilities is computed based on the Correlates of War Na- 
Alliance Dependency
We use, directly and without alteration, Maoz's measure of alliance interdependence (9) . This measure is computed in several steps. 
Establishment of First Order Autocorrelation in Conflict Rate
The auto-correlation function (ACF) and partial auto-correlation function (PACF) plots in Based on these plots, we concluded that the conflict rate variable is first-order autoregressive and we adjusted our statistical models accordingly by including one period (one year) lags of conflict rate on the right-hand-side of our models.
Rescaling Network Slices
The Kantian tripod as a multiplex network of common IGO membership, joint democracy, and interstate trade is represented (in each year) by valued weights in the adjacency elements 
where r = v min /v median , with A ij = 0 if v ij = 0. Notably, because of the ratio of logarithms, the resulting edge weight is independent of the base of the logarithm. By construction, the rescaled edge weights have median 1. The observed mean . = 1.01, and the maximum . = 2.52.
Robustness to coupling and resolution parameter choices
In the main text, we define Kantian fractionalization, Q K , using default values γ = ω = 1 for the identity coupling strength ω and spatial resolution parameter γ. At these parameters, each realization of the selected modularity-optimizing heuristic (a generalized (25) Louvain (44) Table S1 : Kantian fractionalization computed by averaging over ω ∈ [0, 4] (with γ = 1). Linear models of violent conflict onset density and count models of violent conflict onset in the interstate system. Count models correct for over-dispersion and include the log of the number of dyads in the system year as an offset. Coefficients and standard errors displayed in bold are statistically significant at or below the p = 0.05 level.
Varying γ has a strongly pronounced effect on the communities obtained, in that at γ = 0
there is no partitioning into communities, with the numbers of communities increasing with γ until by γ = 4 almost every nation has been separately placed in a community by itself (with all three multislice nodes of that country in the multislice representation assigned to a group together). For ω = 1, we do not identify any plateau in the number of communities as γ varies, so that this simple test does not identify a particular γ resolution of interest for this system.
As a means of identifying some special value of γ, we consider the number of communities in a given year that have more than three multislice nodes assigned (that is, more than one country). While results vary from year-to-year, we identify a broad peak in the number of such communities near γ = 2. Motivated by this weak indicator of a scale of interest, we additionally consider an alternative model in terms of Q at γ = 2 and ω = 1. The results are presented in Tables S3 and S4 . Importantly, neither model based on alternative resolution parameter choices alters the qualitative result that the multiplex modularity of the Kantian tripod captures the fractionalization of the international system in a way that well models the onset of new conflicts. Nevertheless, it certainly remains possible that statistical significance testing may yet uncover distinguished Table S3 : Kantian fractionalization computed with γ = 2 and ω = 1. Linear models of violent conflict onset density and count models of violent conflict onset in the interstate system. Count models correct for over-dispersion and include the log of the number of dyads in the system year as an offset. Coefficients and standard errors displayed in bold are statistically significant at or below the p = 0.05 level.
(γ, ω) parameter value regions that best uncover communities of nations (and of their Kantian tripod behaviors). Any future work investigating the specific assignments of such community detection in the Kantian tripod would do well to further explore the resolution parameter space for such regions. For the purposes of the present work, however, we have statistically established Q K as a measure of fractionalization (at the default γ = ω = 1) providing a useful quantity for modeling the rate of violent inter-state conflict. Table S4 : Kantian fractionalization computed with γ = 2 and ω = 1. Granger causal analysis of violent conflict onset density and Kantian fractionalization. Those F -statistics and p-values shown in bold are statistically significant at or below the p = 0.05 level.
Identified Communities
While we are not focused on any country's specific community assignments, we did visualize community assignments generated by our computation of Kantian fractionalization. We present three of these visualizations below. Figure S2 we also see an increase in the number of countries in Eastern Europe, reflecting the states that Table S5 : Using single-slide modularities of the Trade and IGO networks. Linear models of violent conflict onset density and count models of violent conflict onset in the interstate system. Count models correct for over-dispersion and include the log of the number of dyads in the system year as an offset. Coefficients and standard errors displayed in bold are statistically significant at or below the p = 0.05 level.
emerged from the dissolution of the Soviet Union. This illustrates the growth in the number of countries in the international system during our time series, highlighting the importance of accounting for the number of dyads in our analyses.
Additional Robustness Checks
First, as mentioned in the main text, we ran linear and count models of conflict density and conflict count using lagged values of the single-slice modularities of the trade and IGO networks. Table S5 displays the result of this analysis, including trade and IGO modularities separately.
In Table S6 we consider the modularity of the IGO and trade networks together, including the density of democracies in the international system as well. We find that including Kantian fractionalization improves the model fit. Table S6 : Using single-slide modularities of the Trade and IGO networks. Linear models of violent conflict onset density and count models of violent conflict onset in the interstate system. Count models correct for over-dispersion and include the log of the number of dyads in the system year as an offset. Coefficients and standard errors displayed in bold are statistically significant at or below the p = 0.05 level.
We conducted additional sets of robustness checks in order to verify that our variable of interest, Kantian fractionalization, is in fact driving the results of our statistical models. Table S7 displays the results of linear and count models that use the densities of the IGO, joint democracy, and trade networks (all lagged one year) as predictors of conflict density and conflict count (once again including a lagged dependent variable). This model assures us that the results found in Table 1 are not merely a function of the changes in density over time.
Lastly, to verify the intuition from Fig. 3 in the main text, we recomputed Kantian modularity omitting joint democracy entirely. In other words, we computed the multislice modularity in the same way as before, but considering only the trade and IGO networks. We then re-ran the entire empirical analysis: regressions, Granger tests, and one-year-ahead out-of-sample prediction. The results from these analyses are presented in Tables S8 and S9 and Fig.; Table S7 : Linear and count models using densities rather than modularities as regressors. Count models correct for over-dispersion and include the log of the number of dyads in the system year as an offset. Coefficients and standard errors displayed in bold are statistically significant at or below the p = 0.05 level.
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